SHUTTLE CRITICAL ITEME LIST - OREITER

SUBSYSTEM :ACTUATION MECH-ET/ORB DOOR FMEA NO 02=4D=-012000~1 REWV:(Q2/17/8E

ASSEMRLY :ET/0ORBITER UMBILICAL DOOR MECHANISMI CRIT. FUONC: 1
P/N RI - :MC287-0020 ' CRIT. HDW: 1
P/N TENDCR: 15600 HOOVER ELECTRIC . VEHICLE 102 143 104
QUANTITY 2 {1 LH2 & 1 LO2) EFFECTIVITY: X 4 X

: (1 PER ACTUATOR) PHASE(S): PL IO X OO0 DO X LS

REDUNDANCY SCREEN: A= B-. c~=
PREFARED BY: APPRQVED BY: APPROVED BY (MASA): ..
DES R. H. YEE bES<R, Lor Bnfr BEM % Sl L340 S
QE W. S. SMITHE QE o et ] Q{-3
- [

ITEM:

GEARBOX /DIFFERENTIAL, DOOR DRIVE ACTUATOR

FONCTION: .
™0 TRANSMIT/DISTRIEBUTE PROPER POUWER/TORQDUE FROM EITHER COF BOTH ELECTRIC
MOTORS TO THE DOOR DRIVE MECHRNISM (TC OPEN/CLOSE THE DOQORS).

FATIITRE MODE:
FHYSICAL BINDING/JAMMING

CGAITSE(S) ¢
ADVERSE TQLERANCES/WEAR, CONTAMINATION/FOREIGH OBJECT/DEBRIS,
PAILURE/DETLECTION OF INTTRNAL PART, LOSS OF LUBRICANT, TEMPERATURE

EFTECT (S) ON:
(3) SUBSYSTEM (B)INTERFACES (C)MISSION (D) CREW/VEEICLE

(A) LOSS OF FUNCTICN - DOOR UNABLE TC BE CLOSED.
(B} THERMAL LEARAGE INTO COMPARTMENT.
{C,D} POSSIBLE LOSS5 OF CREW/VEHICLE DUE TO DAMAGE CAUSED BY THERMAL

EFFECTs IF THE DOCRS CAMNCT BFE CLOSED AND FULLY LATCHED POR SAFE RI-
ENTRY.



ERUTTLE CRITICAL ITEME LIST - OREITER

SUBSYSTEM :ACTUATICN MECH-ET/ORE DOOUR FMEA NG 02-4D-012000-1 REV;:02/17/8%8 .

DISPOSITICH & RATICHALR:
{(A)DESIGN {B)TEST {C)INSPECTICN (C)FAILURE HISTORY {E)OPERATIONAL USE

(A) DESIGN
FACH ORHITER/ET UMBILICAL DAOR IS OFENED OR CLOSED (TO WITHIN APFROX 2
INCHES) BY FOUR-BAR/OVER-CENTER HINGE/ACTUATION LINKAGES THAT ARE DRIVEN
BY AN ELECTRCMECHANICAL ACTUATCOR THROUGH A TORQUE TUBE, EELLCRANES, AND
CONNECTING-RODS. EACH DOOR DRIVE ACTUATOR CONSISTS OF A FLANETARY
GEARBOX/DIFFERENTIAL DRIVEN BY TWO (FEEDUNDANT) 3-FHASE ELECTRIC MOTORS;
EACH MOTOR HAS AN INTEGRAL SPRING~-LOADED FRICTION CLUTCH/BRAFE: AN
INTEGRAL SPRING=LOADED DUAL=-DISC PLATE FRICTION TORQUE LIMITER: WITH
LIMIT SWITCHES AND MECHANTICAL STOPS TO CONTROL/LIMIT ACTUATOR
MOVEMENT/ROTATION. THE ACTUATOR HOUSING IS DESIGHED TD PRECIUDE THE
ENTRY QF FOREIGN PARTICLES. FARTS ARE CLEANED TO LEVEL 200, PER MACQLLIG-
301 (PRIOR TG ASSEMBLY):; ASSEMBLED IN & CLASS 104,000 CLEAN RCOM ([PER
FEO-STD-205) . CUAL ROTATING SURFACES ON BEARINGS. SAFETY FACIOR l.4
MINIMUM. PROVISION EXISTS TO CYCLE THE ACTUTATOR (TO LOGIEN
STATLLED/TAMMED MECHANISEM). ERAKES MUST BE ELECTRICALLY ENERGIZED TO
DISENGACE AND ARE DESIGNED TQO FAIL IN THE ENCACGED POSITION. DIFFERENTIAL
IS DEEIGNED TC DISTEIEUTE POWER FROM EITHER ONE COR BOTH (REDUNDANT;
MOTORS. MOTORS DESIGNED TOQ QPERATE IN EMERGENCY Z-FHASE CONDITION. EACHS
TORQUE LIMITER IS DESIGNED TQ FROTECT ITS MOTCOH AND DRIVE TRAIN FROM AN
OVERIOAD FAILOHRE. :

(B} TEST
QUALIFICATION TESTS: QUAL=-CERTIFIED PER CR-45-287-0020-0001. i
QUALYFICATION TESTS INCLUDED: HUMIDITY TEST, SHOCK TEST, QUALIFICATION
-ACCEPTANCE VIBRATION TESTS (QAVT), THERMAL VACUUM TEST, THERMAL CYCLING
TEST, OFERATING LIFE TEST (2,000 CYCLES, 100=-MISSION, 10=-YEAR LIFE;
EXFECT 500 CYCLES PER 100 MISSIONS), MECHANICAL STOP TEST, POWER
CUNSUMPTION TEST, FREE-PLAY TEST, AND IRREVERSIBILITY TEST,

ACCEPTANCE TESTS: INCLUDES IXAMIWNATION OF PRODUCT (FOR WEIGHT,
DIMENSICONS, CONSTRUCTION, CLEANLINESS AND FINISH), ACCEPTANCE VIBRATION
TESTS (AVT) (20-2,000 HZ, 20 SEC TO &5 MINUTES, IN EACH OF THREE ORTHOGONAL
AXES, WITH ELECTRICAL CIRCUITS MONITORED FOR CONTINUITY), ACCEPTANCE
THERMAT, TESTS (ATT) (CYCLED BETWERN -80 DEG F AND +330 DEG F; MOTOR 1,
MOTOR 2 AND DUAL MOTOR), POWER CONSUMPTICN TEST (QPERATED AT RATED LOAD
AT S0 DEG F, ZIINGLE MOToR DEPLOY¥ID WITHIN 48 SEC, DUAL MOTCORS DEFPLOYED
WITHIN 24 SEC, 165 WATTS/MOTOR MAX, 0.75 AMPS/PHASE/MOTOR MAX; 616

WATTS /MOTOR MAX STARTING POWER AND 1.5 AMPS/PHASE/MOTOR MAX STARTING
CURRENT: OPERATED AT MAXIMUM LOAD AT -50 DEC F, 186 WATTS/MOTOR MAX AND
0.77 AMPS/PHASE/MOTOR MAX), INSULATION RESISTANCE TEST AND DIELESTRIC
STRENGTH TEST (FER MF0Q04-002), CYCLING TEST (OPERATED AT RATED LOAD;
SINGLE MOTOR, 13 CYCLES EACH FROM CW-CCW-CW ROTATION AT 48 SEC/DIRECTICK;
DUAL MOTOR, 79 CYCLES FREOM CW-COCW-OW ROTATICN AT 24 SEC/DIRECTION},
FREEPLAY TEST (MAX ANGULAR FREEPLAY AT OUTFUT SHAFT +/-1.0 DEGREES
ROTATION, WITH 10 INCH-LE OF REVERSING TORQUE), STALL/MAXIMUM TORQUE TEST
(MAX ACTUATCR OUTPUT 14,000 INCH-LE, AT =75 DEG F MINIMUM),
IRREVERSIBILITY TEST (ACTUATOR MUST BE IRREVERSTELE TO THE OFERATING LOAD
GF 1,875 INCH-LB, IN EITEER DIRECTION], MECHANICAL LIMITS TEST AND
ELECTRICAL LIMITS TEST (ACTUATOR CYCLED THROUGH ITS FULL TRAVEL TO VERIFY
COMPLIANCE WITH MECHANICAL AND ELECTRICAL LIMITS).




' SHUTTLE CRITICAL ITEMS LIST - ORBITER
. SUBSYESTEM [ACTUATION MECH=ET/ORHE DOOR FMEA NO 02-4D-012000-1 REV:02/17/8:2

QMRSD: JPEN/CLOSE (1-"G") OPERATIONAL CHECKOUT OF RIGHT-HAND/LEFT-HAND
ET DOORS; MOTORS 1, MOTOR 2 AND QUAL MOTOR OPEE&IIDH. FREQUENCY - ALL
VEHICLES AT GROUND TURNARCUND.

(C) INSPECTION

EECETIVING THSPECTICN

CERTIFICATION OF COMFLIANCE, TEST CDUPOHS PHYSICAL AND CHEMICAL RECORDS
ARE MAINTAINEL IN THE HASTER FILE. RECEI?IHG INSFECTION FPERTORME VISUAL
AND DIMENSTONAL EXAMINATION OF ALL INCCMING PARTS. QUALITY CONTEDL
MATNTAINS SURVEILIANCE OF RAW MATERIAL, LIMITED LIFE MATERIALS, CHEMICAL
-AND METATIURGICAL TESTE ANWND REPORTS. GEARS ARE HARDNESS CHECKED AND
VERIFIED BY INSPECTION.

CONTAMTHATTON CONTROL
POLYETHYLENE SHEETING, USED TC BAG AND SEAL PARTS AFTER CLEANING, IS
VERIFIED BY IN3PECTION. A CLASS 100,000 CLEAN FACILITY IS USED FOR
ASSEMBLY AND WERIFIED BY INSPECTION. ALL METAL PARTS ARE VERIFIED EBEY
INSFECTIOCN TO BE CLEANED. FINAL IMSPECTION INCLUDES CHECKS FoOR

- CONTAMINATION USING BORESCOPES, EX AMD 10X MAGKIFICATION DEVICES, AND
FILTRATION METEQDS, °

A3SEMBLY/INSTALIATTION
INSFECTION VERIPIES AND RECORDS DIMENSIONS OF ALL DETAIL DARTS.

o NONDESTRUCTIVE EVALUATION
PART3 ARE MAGNETIC OR FLUDRESCEMT PEMETRANT IHEP’CTEE

CRITICAL PEDCESSES
HEAT TREATING AND LUBRICANT APPLICATION ARE VERIFIED BY INSPECTION.
INSPECTION VERITIES THAT GEARBOXES ARE PROPERLY LUBRTICATED.

TESTING
ACCEFTANCE TESTING IS VERIFIED BY INSPECTION,

HANDLING/PACKAGING .
HANDLING AND PACKAGING REQUIREMENTS ARE VERIFIED BY INSDECTION.

(D) FAILURE HISTORY
THERE HAVE BEEN NO ACCEPTANCE TEST, QUALIFICATION TEST, FIELD OR FLIGHT
FATLURES ASSOCIATED WITH THIS FATLURE MODE.

{FE] CPERATIONAL USE

CREW WILL CYCLE DOOR TC ATTEMPT TQ DISLODGE DEERIS OR LOOSEN
STALLED/JANMED MECHANTISHM.



